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1.27 MPa), HFA (10.09 £ 1.07 MPa), L+S(8,25i124 MPa), L(786+096
Pa), SB (341 + 0.37 MPa), OFA (2.81 + 0.37 MPa), X Z(2.46 + 1.36 MPa)
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a4 Ea}?j]gl D‘WO] NU]/H < #9033 e 284 4F g2 o5k
Zha] "dgAo] Asfslo] dal A} %t} Z12fA tholotEE Biu aluminum oxide YA}
o B wHEe ey Heblg  °] &8 HAFH S BlM Feelz THE A
a g E3 dEsa ek AA 3-gd3tAv} silaneol el el coupling agentE
ST B g SAEe uAA 7 A AHEete A% S STHIE WY, e AR
HAQ A2 B (P 52 B4he ol&dte] EHAEE e 52

= 7EY theket e Ehge] AAE T Yo

e B B A silane 2 EHA

g ohs A 52 AU EE Holu, Bepl AA

HUZAL HP2HERLNEHI R XD DE D =

N T A Al R Addol EAdTT Baskyh
DAL o], ojde] ATl A4kE o] &g Aoy e
CHPAL St B 45 3056-68IA] HTIHSEICSHIEE A|DIDE D} BYaE gdHo g dolgdd Tt JAtw

% ; @ =) =]

e e sz, VEIA R, G ol g T 4y AR
Ol T= ! oToE o o0& = = -

I 200841 52 252 VEHOE M8 shed FAY YAYEE HAF
e w22 0007U i PIHSEIClEl D BHEITH|0) Of50f SREHS. Aee HuslHh> &4 Sarag 5& aluminous
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oxideZ o] &3 M= Eelxgo] BARL ] &
A 9le HalFQit) Barbosa T'& mA & AHE2
2 BAE 3R 3 ol AR Al Aol ot s
9] Aol S B3N

Silane coupling agent2] ARg-ol] 3 oJ2f Ao
e o] RS AHEstd ZAY W7 Haepll 2k
o A7}zl Z/18 B2tk Kocadereli 5°
< A 28 Mg BaplE 53 A silane?]
Ao 2 R A wrt dA3] S es Ba
st

19603 tol] Maiman"o] 2|8 8| o]#]7} g
d o]Z2 A7} gl FolAY F&5g ol
o] Fo]A] 31 Yt} CO,¢t Nd:YAG lasere 23 oS
dA 714 RHA R AMEEE FFHY elA ol
o 374 gdoM e B HEAE AT o
o] ®Az, A2 Yy F5%, gL BapA
£3], Mgty BaAe] AA 5 A7 ThSsiA Al
Eﬂﬂ g}]\dﬂlﬁ—lg

CO; HolAE WE o] AU A &=
57] wjFo| TAY EHA o 71 Agtsit). o]
£ Focused CO, dlo|A 7} IAH HH AZEH =
) Fol 27| 2ok THo| GG oA &
g A% A Alol9] 7AA A& Fof
7] W&ot}

a3y @2 B 23 A HolA g o] &% £
Ad gdA ] B ATE Fhgd Bsit”
o] AFoAE FTAE FwHd Ay Bl 3
2 Al HlolA 2ALE B3 TAY TRAEF A3
te Ad 1 9o b BEHAQ WHI Hla A
ojr zlel7t lEA FolEmAl st

SR
A=

£ A7 AFASZ 071 S eol= EAY
FE(Vita VMK feldspathic porcelain, Vita Zahnfabric
H. Rauter, Bad Sickingen, Germany)< 8 x 8 x 4 mm
o] AgHA Yo AFste] ATt 2F
& Befle E840] 108 mm’e] et $5 Fd
=] Alebe} B.2}2(Clarity, 3M Unitek, Monrovia, CA,
USA)S AH&3t%1 2™ Transbond XT (3M Unitek,
Monrovia, CA, USA)E Al&3le BelAl& A2 &
4027} Optilux 402 (KERR, Orange, CA, USA)E A}
g3t FFsldnt AzE TAY ZTEL 37°CY
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ZHoA 2427 AABIAT HolAd Q% &
HAg e X3E CO, #lo]A(Nova pulse LX-
20SP, Luxar, Bothell, WA, USA)E Al&-3}5ith

e

T

A1 A 2}

o07e] EAY EES AZste 72492 80719
AR 73} 10719 ERTeE BRI A8Fe
FZE 1008 8o 2 AEstatda AGe A
o 2¥olz FUE Y2 FA =2t At
g g2 2ste] AlEE AlAeGT e B
e E9Fo] 108 mm’e] gt & FHA] B
2} (Clarity, 3M Unitek, Monrovia, CA, USA)S A}
£3lth. BaplE FAsr] dd A4z #id
Aol gleA AAEA AR ArkA = Alvp 2 Al
A & WA Ao Az i A
xHe] Fdo|= F& thelol= Xt B|(SHOFU, Kyoto,
Japan)Z AHEsld AASGT dlxEe TR 2
#olz AHE adE FASIH

AREn g 24

FAF W €O, #olA ZA i FHE
o} 312} superpulse mode (15 msec, 2 Hz)& ¥
=, 24210 W, 5 W, 3 W, 2 W2 A3sle] 2027t
golA ZAF F AL M2 EWZ L R(SEM).E &
Astgith

FRES FAL A AV B 2FH 10 WE 2
Ve ZAY RS £ o] AAd oe 48y
o Az vjng FFolz FUE HAFFle
w5 W, 3 W, 2 Wel A% Fa7 Hel BtAE
E3S Yt Fig 1). ol 71AA fA8ES
AgaA e 2 WE A VA s A 2
#EE A3 TAY 799 FE2 AL
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5w aelx 3 wel 9] 248 $AY TdAd
A ghsron, wetx 2 w gk gE det
of AT
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Fig 1. SEM photograghs of laser-treated porcelain surfaces. A, 10 W (X 200); B, 5 W (X 500); C, 3 W (X 500); D

2 W (X 500).

Fastgon ool ZE Fo & W
b 2] THOFA): 37% AAHE 187 ALsin
T SRR AA T de] AEAR Az

914k 28] ¥ Silane 2] T(OFA + §): ¢lato g
EHA 2] F silane coupling agent (Ultradent porcelain
silane, Ultradent Products, South Jordan, UT, USA)%
el EAAoz TUAE ARSI

=4t ZM?L(HFA) 9.6% BAAL 187 Ag T
%%¢j 2 AAHE st °ﬂ°1 NERAZ Az
shsth

B4 fﬂﬂ 9! Silane #2|HHFA + S): B4 2
EHAE T silaned =X

A= B2~ 7(SB): 5 mm A4 5527 80
psi® 4] 50-micron aluminum oxide (Micto-etcher II,
Danville Engineering, San Ramon, CA, USA)Z M=

et A"EIg) o] &, FE E& olEAE A
7] Hal 4F F71E AHESth
_5%3}&_% 2 Silane HZTH(SB + S): M=
2tAH & silanes A &3 T

o] A A e]TH(L): 2-watt power= HFE super-
pulse mode®] CO; #H°]A (15 msec, 2 Hz)7} EE-o
033t ZAE T

glojA A2} 2 Silane A 2]THL + S): #Ho|A &
HA 2] F silanes AHEElY] A ZAXEE A
3t

)

A

Iy 54 9 Hgy 3
AAAFATe] 2H& Y3t A3 A d&
A 1el 3] A8 ey BasiA AT 2l
EHE AT AHE nHAZY ZAY-B
g}Alo] AW s A& 7(Instron 6002, Instron,
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High Wycombe, UK)E Al-8-3t] Bl o] b
At w7t2] B 1 mme] cross-head speed 2 FA]
d B7d) FdsiA Bepal 9o g rhote] A
zo] HAE = £t HustEE S8k A
A EE Bl 3UAY HUESIE v
MPa= A4FE|[QUT} (Table 1).

SAXe|
SPSS 14.0 2 134(SPSS, Chicago, IL, USA)S

AHgstal 7t AP TN Aeddidze] 9Ed 7

Table 1. Measured values of shear bond strength of
each group

Groups No Mean + SD (Mpa)
OFA 10 281 = 0.37
OFA + S 10 722 £ 1.09

SB 10 341 + 037

SB + S 10 1016 + 1.27
HFA 10 10.09 £ 1.07
HFA + S 10 1392 + 1.%4

L 10 786 £

L+S 10 825 + 1.24

C 10 246 £ 1.36

OFA, orthophosphoric acid; SB, sandblasting; HFA,
hydrofluoric acid; L, laser etch; C, control group

HixIwHR| 383 4%, 20084

£ &Sl o, [-way ANOVA 2 &3
o] FEA/AE B 313A} Tukey testE AHE-5F9H 1L
FAFE 5%04 AR A8

ZF Ui dz2T e Adwe] AvA=
E vwalr] Y3 AAHCE ANOVA tests (p <
0-05)% ARRSETE 247t B9 AelE ZAY B
a}.ﬁ\o] 2—17_\]-% uH dA"E H ;(—]1:]-@

3l Table 17} 22 A74E AUtk

AFAEE olFd WALl E AlFst

4 7% 246 £ 1.36 MPa, 8709 4

B2 2] 9} silaneS EA]] A|3Y3E
(HFA + S)oﬂ/ﬂ A AATE(1392 + 1.94 MPa)E
Ho]29 7, SB + § (10.16 = 1.27 MPa), HFA (10.09
+ 107 MPa), L + S (825 + 1.24 MPa), L (7.86
0.96 MPa), OFA + S (7.22 £ 1.09 MPa), SB (3.41
0.37 MPa), OFA (2.81 + 0.37 MPa), NZZ(2. 46
136 MPa) o2 uelydth HoAL)TE
(OFA) 2 =B AE(SB)Tol Bl&] A ol =
& e HAAFQ, BAFCE foAE Bt
(p < 0.001). Silanes A8-3l] EAH o2 THA
213k T2 HolAE o] 83ld HAAYE 3 7+
AL silanes AHESEAl @& ol HlE =& A
DEAFAEE HAFon, ol SAHCR {9

l"-‘—f HH W

(glazed surface); S, silane; SD, standard deviation. 3k 2ol E YERAIY (p < 0.001).

Table 2. Bond failure patterns (unit: case)
Groups Adhesive failure Mixed failure Cohesive failure Total
OFA 8 2 - 10
OFA + S - 3 7 10
SB 8 2 - 10
SB + S - 1 9 10
HFA 8 2 - 10
HFA + S - - 10 10
L 8 2 - 10
L+S 7 3 - 10
C 10 - - 10

OFA, orthophosphoric acid; SB, sandblasting; HFA, hydrofluoric acid; L, laser etch; C, control group (glazed surface);

S, silane.
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AT

AAFANAL HHE A silaneS 223}
& hEE -3 9l (cohesive failure) = VFERY
AL, silanes AFEEA] Go FolME AWty
(adhesive failure) A4S HodFQlt} @lo] A ¢} silane
S A AMEE L+ S)OlA 104 F 749 A
243} 3o M o] BEguA-g, ©@x] FolAu Xz
g F(L)2 10¢] F 8ol ollA o] AHIFE L} 20 ¢l A]
o] E-3tu}d (mixed failure) A3 Ho]Foh =z
T BF A Y-S EAT (Table 2).
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ol B2 w&dlA dolA £AF A dud R

Hi2tal 2epst B Al #HAME| a0t

el Fajo] AeiME Bol AFH o] o} %
A Fel digt glolA AN gkl FaME
Aol & A vlrb gtk Akova & A R
A oA E o] &% ZAY ZHAYE APt
Aoz {48 U e dlon, o] &4s
vl J3 A TAE BH Ao AAg bigt
o2 FHIN ol B A7} RS Ao
Ak,

AAAog 443 vk my§ Basle ¥27)
=74 6 MPa o] el ALY 2 ZFA =} A4H
o2 3 AFAA AL ot dukdtA AUA
A e HJAAEe Bl AA A A B3
o o, TAY ¥HY 34 9 7 5% 2
4 217] W Eolth Thurmond £ ZA A} A
# %1 Atelo] A =7t 13 MPa o]/o] HWH &3
i‘l’r*é%‘f’%% vebd S Byt meba] Bels
AAsE A 2AY g9 7hedE AT e
741“45“20] Mzdo B d727, B4t silane S
FAlo] A2l FHFA + S)olAE 100%2) &3 gt

AFEE Jehldh #lolx] ¢} silanes FAlo A
E]?} L + 9 A e BE silaneol A SH T
AFEE HAoer, #oA AT, L + 92
100% = AR A S-S et o)A} si-
lane S FAlO] 23k L + S)oll A silane2] 313}
A ARG o] doju}x] gtl IukEbH silanol
A5 Aaixe EAY Ed S0 27 o
yz| g AEAE dardle 2y FEEE
A e Ake] a3k oA e A
£ abol wiA|E)7] wEo]r}?

KURSE- 2= Fat S J’&OE HHAE A, & 29
Al Hg A8 ¥ g e o341
+ 0.37 MPa, 2.81 + 0.37 MPa) silane X8 o= &
23] 71 gkol E7FeFTH10.16 + 127 MPa, 7.22 +
1.09 MPa). 3k B2to g AR 223 T(HFA)
< silane MR ¥ T+ F M 22 @ Y
FRom, oL o] A 4 B AP} I}
ARG B silane s FAlo) Al@E 7
GFA + & RE AT F Y 2 g8 Hol3
Aow, A AFBARC] Barbosa T AR
2% Zze Hepl Xﬂﬂ Al Bellel B 2 2 A
d 4d 5o 28-S Yo F glonw FHE
2] %%EE}IL Haslch

AT A= L + ST A 23 HFAT Y silane
—E—EH T eHEE BYon, gz € &
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4 919131(7.86 + 096 MPa), A M=E
(SB), Q14HOFA)el &J& M54 A2 2 o)
vla o 2 3 Jehlgley ol EAHCE &
ol zol & BT (p < 0.001). F ©f & 294
T2 93 #o)A ¢} silaneS FA) o AHEsHE HPE
o] x4 4 glow’ B Fol| Hl§ silane A
T o gol A Sk, BAdeR o E ut
g alo]lE Kol skt (p > 0.05).

Silane-2 X 7-& EA A} B3 2 Alolel] g}gt
A A4 18 E AFela Ao f14d RS ¥
Ad 39 A4S S7AA o Ag vAZ|AA
AS A T3} Kocadereli S5 Ale}a] HapAz
IAY JH Atold] Ao m AHEE e 2
FAEE 47] A8 silaned] AHE-S FAES 21
=g

EAboll o3k 4tRAl2 A EHO crystalline
S &8)A17] 1 glossy phaseE FAd3led, o|Fo] &
WAL ZIA7IER A - A Alole] AFH
S ZVNAFH BAHE silaned} BH-8-5Fe] 3}ehH
A<l silanolS EA], TAH TR A
S Z7AG> webd ZAY FHd) B4 27
4 silane S =X Fo| S ALY ET ¢ E od
TH} X3 Freid e BAHCE foRE
B (@ < 0.001).

Zo] A7} Xofzk ol AP wf 714 sre]Eolof
&g BARL & AEo R Q3 24 &4, 4
glEoz 48 g A5 FAE dA FEod
X4 e dojukx] @& Aotk Zache}
Cohen” & 93 o] Aolo)] AEH] A& U &%
7b 1.8°C 7S W) i X EFE HolA] o
S WABIAL, Akova 5°9 AFNA 2-watt
superpulse CO, #[©]A & 20%27F IAH FHol| =
AL o) e 57} 02°C AFatgal ole
g o] dojd & e 2o "AA] Bile
Z719& Basdch metA JddRHes wye
AL Y3l HolA AL Al Xl o} F-1d =74do]
e Aoz Azttt

grek glo| A 7t n|Eol 7HAA EAIZF AFE
HAETH A7 At AHAA Bl & A, o
A7Veel A7 Adgo] °d 4 91 Ao} olo #
qME doz o B2 A7 Hastels A
tt.

it
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b

¥AQ EEE Tuse] BE ole) Ao o
i HUALE Adete] Aets) nelg PH
it dlzzel A5 ol EHAE 34 g
Z9ol= 4UE FASel A HaE T A
A7& 3359 g2 B9 Ae ¥ nele By
Stk W NBNE ol §ste] AVARBEES
23okn HAPIE WL BAR Thed e
A3z Ak

—_

23" AGATEE HFA + S (1392 £ 1.94
MPa), SB + S (10.16 + 1.27 MPa), HFA (10.09 +
107 MPa), L + S (825 + 1.24 MPa), L (7.86 *
0.96 MPa), OFA + S (7.22 £ 1.09 MPa), SB (3.41
+ 0,37 MPa), OFA (2.81 + 0.37 MPa), C (2.46 *
1.36 MPa) <=o]itt.

2. Silane S 712 Hgd LE FolA AHT} A
A=t SV

3. Glo| AT QA Al 2 MEBatag T v

3 A3 E& ANAFUEE HoFon,
FAHCE frold Ato]E B (p < 0.001),
#lo] A ¢} silane A A TEROE WL 3k
2 Hgoy EAAQL #9938 xole fY @
< 0.05).
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ORIGINAL ARTICLE

The effect of using laser for ceramic bracket bonding of

porcelain surfaces

Kyung-Mi An, DDS, MSD’, Dong-Seok Sohn, DDS, MSD, PhD"

Objective: The purpose of this study was to investigate the effect of using laser for ceramic bracket bonding of
porcelain surfaces and to compare it with conventional treatment of porcelain surfaces. Methods: Ninety feld-
spathic porcelain specimens were divided into 9 groups of 10, with each group having different surface treat-
ments performed. Surface treatment groups were orthophosphoric acid, orthophosphoric acid with silane, hydro-
fluoric acid, hydrofluoric acid with silane, sandblasted, sandblasted with silane, laser etched, laser etched with
silane, and glazed surface served as a control group. In the laser etched groups, the specimens were irradiated
with 2-watt superpulse carbon dioxide (CO,) laser for 20 seconds. Ceramic brackets were bonded with light-cure
composite resin and all specimens were stored in water at 37°C for 24 hours. Shear bond strength was de-
termined in megapascals (MPa) by shear test at 1 mm/minute crosshead speed and the failure pattern was
assessed. For statistical analysis, one-way ANOVA and tukey test were used. Results: Statistical analysis
showed significant differences between the groups. The HFA + S group showed the highest mean shear bond
strength (13.92 £ 1.94 MPa). This was followed by SB + S (10.16 + 1.27 MPa), HFA (10.09 * 1.07 MPa), L
+ S (8.25 £ 1.24 MPa), L (7.86 + 0.96 MPa), OFS + S (7.22 + 1.09 MPa), SB (3.41 + 0.37 MPa), OFA (2.81
+ 0.37 MPa), G (2,46 + 1.36 MPa). Bond failure patterns of HFA and silane groups, except L + S, were cohesive
modes in porcelain while adhesive failure was observed in the control group and the rest of the groups.
Conclusions : A 2-watt superpulse CO, laser etching of porcelain surfaces can provide a satisfactory result for
porcelain surface treatment for ceramic bracket bonding. Laser irradiation may be an alternative conditioning
method for the treatment of porcelain surfaces. (Korean J Orthod 2008;38(4):275-282)
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